Abstract Domina (Dom) is a novel member of the FKH/WH transcription factor gene family of Drosophila. Two alternatively polyadenylated Dom transcripts of 2.9 and 3.9 kb encode a 719-amino-acid protein with a FKH/WH domain and a putative acidic transactivation domain. Dom is mainly expressed in the central and peripheral nervous system. Homozygous mutants show rough eyes, irregular arrangement of bristles, extended wings, defective posterior wing margins, and a severely diminished vitality and fertility. Heterozygous Dom¯ies are morphologically wild type but show suppression of position-effect variegation. Consistently with this chromatin effect DOM protein is accumulated in the chromocenter and, as expected from a transcription factor, is found at speci®c euchromatic loci. Sequence comparison suggests that DOM of Drosophila is homologous to the chordate WHN proteins. The chromatin modifying capability of DOM is probably based on the FKH/WH domain, which shows a remarkable structural similarity to the winged-helix structures of H1 and the central globular domain of H5. q
Introduction
Transcription factors are responsible for the speci®cities of gene transcription. In addition to their gene speci®c function some transcription factors like the fork head wingedhelix (FKH/WH) domain-containing protein family exhibit chromatin-remodeling capacities. The winged-helix structure of the globular domain of the avian erythrocyte linker histone H5 and its homologue, the ubiquitous histone H1, is remarkably similar to that of the transcription factors HNF3g Ramakrishnan et al., 1993; Cerf et al., 1994) and GENESIS Marsden et al., 1997 Marsden et al., , 1998 , which are both members of the FKH/WH transcription factor family. In addition the winged-helix structure of H1 is suf®cient to bind to linker DNA adjacent to the nucleosome core (Allan et al., 1980) . Cirillo et al. (1998) showed that the FKH/WH protein HNF3g has binding properties like H1. This suggests that FKH/WH proteins are not only typical transcription factors, but could also be involved in remodeling of the chromatin structure.
Since the detection of the DNA-binding capacity of the FKH/WH domain (Lai et al., 1990; Weigel and Ja Èckle, 1990 ), many new members of the FKH/WH domaincontaining protein family have been identi®ed on the basis of the highly conserved DNA-binding domain of about 110 amino acid residues Kaufmann and Kno Èchel, 1996; Marsden et al., 1997 Marsden et al., , 1998 . The fork head gene of Drosophila is involved in the terminal differentiation of the embryo in neurogenesis (Weigel et al., 1989) and in specifying Sgs gene expression (Lehmann and Korge, 1996) . Like fork head, other FKH/WH-domain genes have diverse biological functions Kaufmann and Kno Èchel, 1996) . In metazoa, WH proteins regulate embryonic development and tissue differentiation and are involved in tumorigenesis. The Caenorhabditis gene lin-31 is essential for normal vulva development (Miller et al., 1993) and in the early Drosophila embryo croc, slp1 and slp2 are required for proper segmentation (Grossniklaus et al., 1992; Ha Ècker et al., 1995) . Mutations of whn in mice and rats result in abnormal hair growth and thymus development (Nehls et al., 1994) and in chicken the retroviral v-qin oncogene transforms chicken embryo ®broblasts (Li and Vogt, 1993; Li et al., 1997) .
In addition to direct and speci®c gene regulation some transcription factors can modify the chromatin quality globally and can thereby affect gene expression indirectly. This is conspicuously demonstrated by a modi®cation of the phenomenon of position-effect variegation (PEV). PEV occurs when genes are transposed from their original euchromatic locus to the close vicinity of heterochromatin in Drosophila (Muller, 1930; Baker, 1968; Wakimoto, 1998; Zhimulev, 1998) or the telomere (telomeric position effect TPE) in yeast (Grunstein, 1998) . This causes gene silencing in some cells but not all depending on whether the chromatin is condensed (heterochromatic) or relaxed (euchromatic). Variegating inserts show a reduced accessibility to restriction enzymes (Wallrath and Elgin, 1995) , and cytological investigations reveal that the heterochromatinization of chromosomal regions is subjected to PEV (Zhimulev et al., 1989) . The heterochromatinization is cellularly autonomous, it variegates from cell to cell and is inherited in an epigenetic way producing gene expression mosaics. Transacting factors like the gene silencing factor Polycomb (PC; Paro and Hogness, 1991) or the gene activating factor Trithorax (Trx; Kuzin et al., 1994) interact with heterochromatin components and modify the spreading of heterochromatin either positively or negatively which results in an enhancement (E-var) or a suppression (Su-var) of PEV.
Transacting PEV modifying genes can easily be identi®ed with the help of the white-mottled system In(1)w m4h in which the white gene of Drosophila has been juxtaposed to the centromeric heterochromatin by an inversion. Inactivation of the white 1 gene by heterochromatinization causes mottling of the eye pigmentation that can be enhanced or suppressed by second site mutations (Reuter et al., 1983; Dorn et al., 1993; Sinclair et al., 1989 Sinclair et al., , 1992 . In Drosophila, more than 100 PEV-modi®er mutations have been described (Reuter and Spierer, 1992) , but only a few corresponding proteins were identi®ed. Some of these PEV-modifying factors such as the GAGA factor (Farkas et al., 1994) , E(var)3±9 (Tschiersch et al., 1994) , ZESTE (Judd, 1995) , MODULO (Garzino et al., 1992) , Su(Hw) (Gerasimova et al., 1995) , and E2F (Seum et al., 1996) are typical transcription factors and other transcription factors resemble architectural chromatin proteins (Baxevanis et al., 1995;  for review see van Holde and Zlatanova, 1996; Burley et al., 1997) .
In an enhancer trap screen for PEV modifying mutations using the In(1)w m4h system, we selected a strong suppressor mutation of PEV. Heterozygotes show a dominant suppressor effect of PEV but are wild type in other respect. In homozygous Dom mutants, bristles, eyes and wings are defective, the vitality of both sexes is low, females show diminished fertility, and males are sterile. Because of the more severe mutant phenotype of males we named the Su(var) gene Domina (Dom). In this report we show that Domina encodes a transcription factor that belongs to the FKH/WH protein family. DOM protein is found in nuclei of the affected tissues and is bound at speci®c sites of polytene chromosomes and in the heterochromatic chromocenter. Therefore modi®cation of PEV might indicate an interference of DOM with H1 as a result of the similar structure of the FKH/WH domain and H1, as mentioned above. DOM is the ®rst FKH/WH protein shown to have dual functions: (1) as a typical transcription factor it plays an important role in development and (2) it causes large-scale modi®cations of heterochromatin possibly as a component of a multiprotein complex (Locke et al., 1988; Clarke et al., 1996) involved in the formation of a higher order chromatin structure.
Results

The Dom mutant phenotype
Previous studies have shown that the enhancer trap transposon P[lArB] integration D631 causes a dominant modi®-cation of PEV (strain 631 in Dorn et al., 1993) . Five additional P-element-induced Dom-alleles l(3)06439 l(3)03676 l(3)05264 l(3)06142 and 109 cause a dominant suppression of PEV when tested with the inversion In(1)w m4h ( Fig. 1) . With the exception of l(3)06142 the lines are homozygous lethal at different larval stages; however, a few females and males reach the adult stage but show reduced vitality and reduced fertility. A slight enhancement of PEV seen in In(1)w m4h ;Dom D631 /TM3,Sb males was caused by the Y chromosome of the strain D631 (data not shown).
Besides the suppression of PEV, the mutant morphological Dom phenotype, caused by all P-element alleles with exception of Dom l(3)06142 , involves aberrant structures of eyes and wings and a mutant arrangement of bristles (Fig.  2 ). Rough eyes with only a few mechanosensory bristles is the most obvious feature of this phenotype (Fig. 3) . The eyes of homozygous mutant Dom¯ies are smaller than wild-type eyes, adjacent ommatidia are often fused and the eyes are composed of ommatidia of variable size and shape (Fig. 3) . This is probably due to the incompletely formed mesh of pigment cells that usually shapes ommatidia into a regular hexagonal structure (Fig. 3G,H) . In histological tangential sections of wild-type eyes, seven round rhabdomeres are observed in a regular array (Fig. 3I) whereas the outer irregular facet array observed in homozygous Dom mutants (Fig. 3A,B) corresponds to an inaccurate underlying cell pattern. Sections from homozygous Dom D631 eyes reveal a variable number of rhabdomeres with distorted shapes in unusual positions in the ommatidia (Fig. 3C ).
The mutant bristle phenotype suggests that Dom is involved in adult PNS development. In most cases homozygous mutant Dom¯ies show loss or doubling of macrochaetae (Fig. 2A) ; however, bristles appear at correct positions. This indicates that extra bristles arise from the normal complement of proneural clusters. They have sockets and shafts and, therefore, obviously represent complete sensory organs. The wings are weakly affected by Dom mutations. Wing size is reduced, hairs are irregularly arranged, posterior wing margins are notched and L5 is sometimes shortened (Fig. 2) . In some cases wings are extended (Fig. 2) .
The mutant Dom phenotype is caused by the P[lArB] integration D631 while the wild-type phenotype is restored in excision lines after remobilization of the P[lArB] transposon (see Section 4).
In accordance with the mutant phenotype, lacZ expression of the P[lArB] transposon was found in all affected tissues. In late embryos and in ®rst and second instar larvae, the b -galactosidase staining suggests Dom expression mainly in the CNS (not shown). In larvae, the CNS, imaginal discs, gonadal anlagen, and salivary glands (not shown) are stained. Strong lacZ expression is observed in eye discs behind the morphological furrow and in sensory and bristle ies rescued by P(hspDom)47B (D±F) and of wild-type¯ies (G±I). First and second column, scanning electron micrographs; third column, transmission electron micrographs.
precursor cells of wing and leg discs (Figs. 7 and 8) . In adults, lacZ is expressed in ovaries and in testes (not shown).
P-element-induced alleles of Dom
The P-element integration of the Dom allele Dom D631 was mapped by in situ hybridization to the chromosomal locus 86B1-2. Complementation tests with the other ®ve P-insertion lines (Fig. 4) showed that l(3)06439, l(3)03676, l(3)05264 and 109 are alleles of Dom
D631
. The l(3)06142 insertion complements Dom alleles, and all of the l(3)06142 excision lines are recessive lethal. Therefore we suppose that the lethality of homozygotes of Dom l(3)06142 is caused by a second site mutation. Nevertheless, the molecular analysis of P-element insertions shows that l(3)06142 is indeed a Dom allele because the P[Z] element resides within a cluster of four Dom P-element insertions only one bp away from the P insertions of the strains 109 and D631 (Fig. 4) . Further analysis indicated that the orientation of P elements within the ®rst intron of Dom is critical for the mutagenic effects of P[Z] and P [lArB] . Reverse transcriptase±polymerase chain reaction (RT±PCR) analyses of Dom l(3)06439 RNA revealed a transcript composed of the ®rst Dom exon and the last exon of l(3)S12 of the P[Z] element. A similar aberrant splicing was described for pipsqueak alleles induced by P[Z] insertions (Horowitz and Berg, 1995) . While the P-element orientation of the Dom alleles Dom D631 and Dom l(3)06142 prevents an aberrant splicing product composed of Dom and l(3)S12 sequences, the Adh gene within the P[lArB] element harbors two splice acceptor sites arranged to be linked to the ®rst Dom exon. An accordant Dom-Adh transcript was detected by RT±PCR (not shown). We conclude that the mutagenic effect of P-element insertions at the Dom locus depends on the orientation of the P element which in some cases allows aberrant splicing.
Gene structure and transcripts of Dom
Dom was cloned with the help of the P[lArB] integration D631 (Fig. 4) . After plasmid rescue, genomic fragments covering 10.1 kb upstream and 12 kb downstream of the P-element integration site were isolated from l -phage libraries. Screening of embryonic larval and adult cDNA libraries with genomic DNA probes yielded two transcription units. One of them corresponded to the Dom gene, because it is absent in homozygous mutant Dom larvae (Fig. 5B) .
On the basis of several Dom-cDNA clones, we reconstructed two alternative Dom transcripts which differ only in the 3 H untranslated region (UTR). The Dom antisense RNA probes RP1±RP3 (Fig. 4) corresponding to the ®rst and second exon and the 5 H end of the third exon, detect indeed the two postulated transcripts of 2.9 and 3.9 kb in RNA from wild-type larvae (Fig. 5A ). The antisense probe RP4 corresponding to the 3 H end of the third exon detects only the 3.9 kb transcript (not shown). These results coincide with our assumption that both transcripts differ only in the length of their 3 H UTR because of the usage of alternative polyadenylation signals. The 3.9 kb transcript contains a 3 H UTR of 1385 bp and the 2.9 kb transcript a 3 H UTR of 324 bp. This means that the Dom gene encodes two transcripts but only one protein. The 3 H UTR of the 3.9 kb Dom transcript contains ten copies of the mRNA degradation motifs AUUUA, AUUUUA and AUUUUUA (Wennborg et al., 1995; Ma et al., 1996; Fan Fig. 4 . The molecular structure of Dom. Horizontal thin line, restriction map of the Dom locus. Above, transcription start site (arrow 11) and P-integration sites of the Dom alleles (boxed-off). STS, sequence tag site (BDGP). Top P transposons and their respective rosy gene orientations (arrows). Df2.12 (Dom 2.12 ) and Df3.4 (Dom 3.4 ), de®ciencies induced by P(lArB) excision in the Dom D631 strain. RP1±RP4 bold arrows indicate the position of RNA-probes. Lower panel, both Dom transcripts contain three exons (shadowed and black boxes) encoding an identical protein of 719 amino acids which contains a FKH/WH (fkh) and an acidic domain (s, black boxes). H, HindIII; K, KpnI; R, RI EcoRI; Sa, SalI; Se, SpeI; Sh, SphI; SI, SstI; Xb, XbaI; Xh, XhoI. et al., 1997). Due to the shortened 3 H UTR, only three mRNA degradation motifs remain in the 2.9 kb Dom transcript. Near the 3 H end of the 3.9 kb transcript a K-box is located which has been shown to be important for the post-transcriptional regulation of E(spl)-C genes (Lai et al., 1998) .
Domina consists of three exons (Fig. 4) . The ®rst 403 bp exon and the second 1800 bp exon are separated by a 7.4 kb large intron, the second and third exons are separated by a 60 bp intron. The transcription start site was determined by 5 H -RACE (not shown). Three primers corresponding to the second intron were used for the ampli®cation of 5 H ends. For both transcripts only a single transcription start site could be detected. The 5 H UTR is 343 bp long; the putative translation start site was found at the 3 H end of the ®rst exon and the translation stop in the third exon (Fig. 4) .
Dom shows a spatial and temporary expression pattern
Dom shows a temporarily restricted expression pattern as revealed by Northern analysis (Fig. 5A) . The 3.9 kb transcript is present at all developmental stages from 0±2-h embryos to adults with the highest level in 2±6-h embryos and the lowest level in ®rst and second instar larvae. The 2.9 kb transcript is found mainly in 0±2-h-old embryos and in adults. Homozygous Dom l(3)06439 larvae completely lack Dom transcripts (Fig. 5B) .
The spatial Dom expression pattern was demonstrated by in situ hybridization using a DIG-labeled Dom antisense RNA-probe and by antibody staining. For antibody staining we generated a polyclonal rabbit antiserum against bacterially expressed DOM protein. Hybridization of DIG-labeled probes showed ubiquitous distribution of Dom RNA in embryos of stages 1±4 (Fig. 6) . In stages 5± 6 Dom RNA amount is slightly reduced between 10 and 30% and is absent in pole cells. From stage 7, transcripts show very distinct concentration in cells of neurogenic regions cardial or pericardial cells and possibly in gonad precursor cells re¯ecting the b -galactosidase staining pattern of the enhancer trap strain. At the end of embryogenesis, Dom transcripts are found in the CNS, in maxillary cells, in gonad and imaginal disc precursor cells.
In larvae, DIG-labeled Dom antisense RNA-probes and anti-DOM antibodies gave strong signals in imaginal discs especially in neurogenic cells (Fig. 7) . In salivary glands, the strongest labeling was found in the ducts (not shown), in eye-antenna discs behind the morphogenic furrow and in developing ommatidia (Fig. 7) .
The reduced fertility of homozygous Dom females and the high abundance of Dom RNA in early embryos (Fig. 5) as well as the lacZ expression in the enhancer trap line indicate maternal Dom expression. This is corroborated by the in situ hybridization of DIG-labeled RNA probes in ovaries. Dom RNA signals appear and increase in germ line cells of egg chambers from stages 1 to 9 (Fig. 8) . Dom RNA is produced and stored in nurse cells until stage 10 when the RNA starts to be completely transferred to the oocyte (Fig. 8) .
Our data show that lacZ of the P[lArB] transposon and Dom in wild-type animals are expressed in those cells and tissues which are affected by Dom mutations. This leads to the conclusion that the Dom gene is responsible for the phenotypic effects.
Dom rescues the mutant phenotype
To ®nally prove that mutations in the Dom gene cause the mutant phenotype, we performed rescue experiments using a heat shock cDNA construct P[hspDom] for germ line transformation. In homozygous Dom D631 , Dom l(3)06439
or Dom Df2.12 , the basic activity of the P[hspDom] construct without heat shocking yielded a nearly complete wild phenotype. The transgene rescued lethality, eye and bristle mutations and the aberrant posterior wing edges (Figs.  2C and 3D±F) . However, the wild phenotype was not completely restored because the L5 shortening was clearly visible in all homozygous strains (Fig. 2C ). We were unable to test the in¯uence of the P[hspDom] transposon on PEV modi®cation of Dom mutations because of the expression of the mini-white marker gene in this transposon.
The DOMINA protein contains a FKH/WH domain
The putative DOM protein consists of 719 amino acids and contains a DNA-binding fork head/winged helix (FKH/ WH) domain, which starts at amino acid 409 and extends to amino acid 525 (Fig. 9A) . It is followed by two acidic regions from amino acids 526±592 and 616±659, respectively, which represent a putative transactivating domain (Fig. 4) . The FKH/WH domain of DOM shows the highest King (1970) . Alkaline phosphatase staining. degree of sequence identity to the FKH/WH domain of Winged Helix Nude (WHN) proteins. A region of a lower degree of sequence identity between DOM and WHN proteins from puffer®sh, zebra®sh and human is recognizable in the C-terminal acid region of the DOM protein (Fig.  9B) . The FKH/WH domain and a putative transactivating domain characterize DOM as a member of the FKH/WH transcription factor family. Fig. 9 . Sequence alignment of FKH/WH DNA-binding domains (A) and of sequences of the adjacent C-terminal region (B). Amino acids involved in mediating phosphate (p), ribose (r), base (b), and water-mediated base (w) contacts with DNA (data from HNF3g ; Clark et al., 1993) . The secondary structural elements of the FKH/WH domain are denoted using H1-3 for a-helix, S1±3 for b-strand and W1±2 for wings. SSH and SSG, secondary structure of HNF3g and GENESIS (Marsden et al., 1997) , respectively. Acidic protein regions are framed. Identical residues are black, chemical similar residues are in gray. WHN, winged-helix nude; HTLF, human T-cell leukemia virus enhancer factor; CH.SU, checkpoint suppressor. WHN (1), Fugu rubripes; (2), Danio rerio; (3), Scyliorhinus canicula; (4), Rattus sp. and Mus musculus; (5), Homo sapiens; (6), Branchiostoma lanceolatum; (7), Lampetra planeri. HTLF (1), Homo sapiens; (2), Mus musculus. CH.SU, Homo sapiens. LUN and GENESIS, Mus musculus. HNF3g, Rattus norvegicus.
DOM is present at speci®c sites in polytene chromosomes
DOM is a transcription factor and was therefore found in the nuclei and as expected for its target gene-speci®c function, it was found at speci®c euchromatic sites of polytene chromosomes (Fig. 10) .
Dom is a haplo-suppressor of PEV, that means reduction of the Dom gene dose to one results in suppression of PEV. This effect could result from an indirect in¯uence of DOM via target gene products or from a direct interaction of DOM with heterochromatin components. In the latter case, DOM protein should be present in the heterochromatic chromocentric area. This was demonstrated by anti-DOM antibody staining (Fig. 10) . Intensive immunostaining can be seen in the chromocenter and in the pericentric heterochromatin on chromosome 4, which is essentially heterochromatic, and at the bases of the euchromatic chromosome arms. A very intensive staining was also observed in the nucleolus. In third instar larvae homozygous for Dom D631 or Dom 2.12 , anti-DOM antibody staining of polytene chromosomes is only very weak and varies from nucleus to nucleus (not shown). As maternal Dom-transcripts abundantly exist in 0-2 h embryos (Fig. 5) , we suppose that DOM protein persists in homozygous Dom mutants until third instar larvae.
Discussion
DOM is a transcription factor of pleiotropic function
The tissue-and stage-speci®c expression of Dom, various phenotypic effects of Dom alleles, the proposed molecular structure of the DOM protein, and the presence of DOM at speci®c chromosome loci urge that DOM is a morphogenetic transcription factor, although target genes are unknown until present. This factor is mainly involved in embryonic neurogenesis and in eye and wing development. The phenotypic effects of Dom mutations correspond in many details to those of other neurogenic genes; however, the position of Dom in respective gene cascades is as unknown as the function of the gene in larval salivary glands and in ovary and testis anlagen.
DOM contains a highly conserved FKH/WH domain. The DNA-binding property, especially the molecular interaction of the FKH/WH domain with speci®c DNA sequences, has already been characterized. The N-terminal part of the DNA-binding FKH/WH domain folds into three a -helices. The DNA contact is mainly provided by the third a -helix (H3), which lies in the major groove. A three-stranded, twisted, antiparallel b -sheet enclosing the ®rst loop (W1) is also present (Fig. 9) . The domain is stabilized by a second loop (W2) in the C-terminal region which interacts with DNA in the minor groove and represents a potential second recognition motif (Marsden et al., 1997) .
In addition to the typical activity as a transcription factor, DOM is involved in forming chromatin structure. Mutations of Dom exhibit a dominant and strong suppression of position-effect variegation in the In(1)w m4h test system. It therefore belongs to the group of haplo-suppressors of PEV Henikoff, 1996; Reuter and Spierer, 1992) . The effect of three Dom doses on PEV could not be tested using the P[hspDom] construct and the In(1)w m4h test system because of the mini-white marker gene expression of the transposon. The In(1)y 3P -system (Tartof and Bremer, 1990) as an alternative to the In(1)w m4h test system of PEV failed because no effect of Dom mutations on the yellow gene expression could be observed.
Dom mutations but not second site mutations are responsible for the PEV effect as shown by recombination mapping and by reversion of the P transposon integration. DOM seems to act in chromatin structuring directly indicated by its presence in the pericentric heterochromatin as shown by anti-DOM antibody staining (Fig. 10) . Additional evidence for a direct chromatin function of DOM was received by overexpression of Dom in salivary glands of third instar larvae. The chromosomes become completely covered by DOM protein and the chromosome morphology changed drastically (not shown). This also indicates the speci®city of the anti-DOM antibodies. However, an additional in¯uence caused by activation or repression of another chromatin modifying factor is not excluded. Like DOM, other PEV modifying factors were found at peri- Fig. 10 . DOM is found in the nuclei of salivary glands and binds to speci®c chromosome loci in wild-type larvae. Green, Hoechst 33258 staining of DNA; red, Cyc3-labeled anti-DOM antibody; yellow, double staining. Antibodies to DOM protein accumulate at the chromocenter (arrowhead, insert) at the nucleolus (No), and at speci®c loci of salivary gland polytene chromosomes.
centric heterochromatin loci in polytene chromosomes. The factor Su(var)3±7 is associated with the heterochromatin component Su(var)2±5 (James et al., 1989; Cleard et al., 1997) and cooperates in gene silencing (Cleard et al., 1997) . The MOD factor (Perrin et al., 1998) , which is also a suppressor of PEV like DOM, is also associated with pericentric heterochromatin and the nucleolus. Perrin et al. (1998) propose that the nucleolus titrates the bulk of MOD available for chromatin compaction and PEV modi®cation. Furthermore, they suppose that the nucleolus and pericentric heterochromatin compete for common chromatin factors. In accordance with this model, Spofford and DeSalle (1991) show that a duplication of the nucleolus organizer region (No) causes a suppression and the deletion of No causes an enhancement of PEV. Based on the DNA-binding activity of DOM and the large acidic domain, which is presumably involved in protein±protein interactions, we assume that DOM serves to anchor a multimeric protein complex promoting a particular chromatin structure.
DOM contains a FKH/WH domain, which resembles many structural and functional features of the wingedhelix domain of linker histones. It has been shown that some factors, often transcription factors, resemble the architectural proteins of chromatin (Baxevanis et al., 1995; Burley et al., 1997;  for review see Landsman and Bustin, 1993; van Holde and Zlatanova, 1996) . Therefore, these factors are potential components for maintenance and remodeling of chromatin structure. A paradigm is presented by the transcription factor TFIID. Structural analyses of subunits of TFIID revealed that dTAF II 42 and dTAF II 62 contain a histone fold motif , which is directly engaged in generation of an H2A´H2B dimer . In addition to this, evidence suggests that a TAF II substructure resembles the histone octamer and that DNA wraps around TFIID Oelgeschlager et al., 1996) . Other major components of chromatin, the high mobility group proteins HMG1, HMG2 and linker histones also show a strong structural similarity to transcription factors. Both HMG proteins contain two copies of a DNA-binding domain, termed HMG1-box, that mediates their non-speci®c binding to the linker DNA between nucleosomes. Recently a homologous HMG-box has been identi®ed in various transcription factors (for review see Landsman and Bustin, 1993) . Furthermore, the FKH/WH domain of the FKH/WH transcription factor family exhibits a striking similarity to the DNA binding winged-helix structure of linker histones H1 and H5. Is this structural similarity functionally signi®cant? Based on previous studies, showing that the winged-helix domain of H1 is suf®cient for nucleosome core binding (Allan et al., 1980) , and that HNF-3a induces phasing of the nucleosomal arrangement (McPherson et al., 1993 (McPherson et al., , 1996 . Cirillo et al. (1998) investigated the nucleosomebinding activity and the DNA packaging capacity of HNF3. It turned out that HNF3 has nucleosome core binding properties like H1 and the ability to displace H1 on the serum albumin enhancer. Because of the highly conserved FKH/WH domain, these are probably common features of FKH/WH-proteins. While HNF3 is unable to compact DNA and occupies the albumin enhancer only in active chromatin, mutant HNF3 can compact nucleosomal DNA if they contain basic amino acids on positions which are essential for DNA compaction by linker histones (Cirillo et al., 1998) .
Experimental procedures
Drosophila strains
Strains were raised on standard cornmeal-syrup-yeast medium at 18 or 258C. Strains and aberrations used: standard balancers (Lindsley and Zimm, 1992) ; P-Element insertions P[lArB] , D631 (G. Korge unpublished data) and 109 (a gift of H. Bellen); P[Z] (Karpen and Spradling, 1992) , l(3)06439, l(3)03676, l(3)05264, l(3)06142 (Berkeley Drosophila Genome Project). Dom 2.12 and Dom 3.4 were generated by imprecise excision of the D631-P-element. Transgenic lines were generated by injection of DNA constructs into embryos of strain yw; Sb, P[ry
1
, D2±3]/TM6 Ubx. Inversion In(1)w m4h was used for examination of PEV.
Reversion mutagenesis
The D631 P(lArB]-insertion was remobilized as described (Ashburner, 1989) . One hundred and three excisions were identi®ed by loss of ry 1 expression; 69% were phenotypically wild type and 31% were phenotypically mutant. Of the mutant lines the Dom 2.12 allele was shown to carry a deletion of 6.4 kb of the Dom gene locus.
Molecular characterization of Dom and chromosomal localization
Genomic DNA from the Dom D631 locus was obtained by plasmid rescue in Escherichia coli (Gomez-Skarmeta et al., 1996) and the insertions were localized by DNA sequencing using a P-element primer. A rescue fragment of 4.3 kb anking the Dom D631 P-element insertion was used to screen a Lambda Fix Karsna Ès genomic library (G. Roth, unpublished data). A region of 22.1 kb was cloned and used for screening the following cDNA libraries: 0±3 h l-gt 10 embryonic library (a gift of E. Knust), 0±18 h l-gt 10 embryonic library (Clontech IL1010a), l -gt 10 library from early third instar larvae (Clontech IL1009a), l -ZAP II library from third instar larvae (Bornschein, 1994) , l -ZAP II library from larval CNS and ring gland (Grams and Korge, 1998) . Fragments of genomic and cDNA clones were subcloned into pBluescript. Both strands of cDNA clones and one strand of the isolated genomic region were sequenced by Taq-polymerase cycle sequencing and an automatic sequencer. EMBL Database accession numbers: genomic DNA clone, AJ243916; cDNA clone, AJ243814.
